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Page 53.

A statistical analysis of irregular quasi-optical linaes (beam guides)

vith the aid of coamputer(s)?!.

N. N, Voytovich.

FOOTNOTE !, Article is writter tased on materials c¢f author's
candidate dissertation "The sisulation of irreqular beam guides in

the slactronic coaputers®, BERLPCCTNOTE.

Is st forth the method of the study of the irregular
quasi-ootical (lens or mirror) lipes of electromagnetic anergy with
the aid of the simulation of such lines in the electronic computer;

are given scome results of analysis,

Introduction.,

Savaral years ajo quasi-cptical lines [1-3] proposed (called

sometines beam guides) proved to be very affective means for tha

transmission of power in the range of millimeter and submillimeter

ya—

o A,
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electromagnatic waves., Such lipas have acceptable transverse
sizes/dimensions and possess sufficiently small radiation losses. In
the simplest case the beam guide is large-period systea from the
optical elements/cells (lenses, mirrors), which focus vave beanms.
These elements/cells are called phase correctors, since in the
quasi-optical approximaticn/approach essential is only their effect

cn phase field distributicn.

Raal beam guidess, as a rule, imperfect; in them are present one
or the othar heterogasneitias, which carcy the random character: an
inaccuracy in producticn and installation/setting up of correctors,
displacement and deforsation of correctors in the process of
operation, With the very small transverse sizes/dimensions of
correctors (it is more precisé. swall numbers of Presnel c=ka2/L,
vhere k - wave number in the veid, a - transverse siza/dimeasion, L -
the distance between the correctors beam guide is one-mode, all
vaves, axcept one, fundamental, are propagated in it with the high
attenuations. During the analysis they are irregular beam guides in
this case it is considered onpnly transformation on the haterogeneities
cf fundanmsntal wave int; the waves of the highest types, and inverse
transformations they disregard. As a result for determining the

average/mean losses in the beam guide with the random haterogensitias

it suffices tc determine the losses of vave on one, average/mean in

the value, heterogeneity and to multiply by the total nuaber of
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heterogeneities (4, 5].

Bn2ryy losses ia the one-mode beam guide depend substantially on
the form of phase correctors, i.e., fros the lawv of change by the

corrector of phase field distritution.
Page 54,

It is possible to find such forms of ths correctors (in any case, in
this or another class), which will provide on the average the
greatest stability of beam guide to the random heterogeneitias of the ;
spacific type (for exanmple, see [6]} However, even with the optimua *
forms of correctors in the sufficiently long beam guides lcsses are
comparatively great. Por example, with c=1.5» in the beam guide whose
correctors are subjected to randoam shifts/shears on the average to
0.15 of radius, dus to the selection of form it is possible to lcwer
losses only to the level 0.5 4B tc cne corrector., In order to
decrease the losses, it is necessary to switch over to systaas with

—’/nrge nunbers of Presnal c. In this case the bean
guide becomes substantially multimcde, on each heterogeneity occurs

the transformation of one its cwn wave into another and back, the

structura of f£iald at the outgput consideralkly becomes complicated.
However, in the presence of the corresponding receiving system such

beam guides it is possible to use,
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In the extreme case of infinite ¢ analysis by the irregular of
beam guides it is possible to carry cut according to the laws of
geometric optic/optics, interpreting beam by infinitely thin beas and
studying tha trajectory of this ray/beam. In the presence of randoa
heterogeneities the ray/bean, generally speaking, will differ from
the axis of beam guide. The prcrerties of beam guide ars determined
by the characteristics of the random variable of this divergence. The
very iaportant from these characteristics is the probability cf
retaining/preserving/maintaining the ray/beam in the beanm guide,
i,2.,, probability that not on cne of the correctors the amcunt of

deflection exceeds the sizes/disensicns of aperture.

The results of geometric-optical analysis have liamited
apolication. Tha fact is that the beams, which are propagated in the
real beam guides, have finite transverse dimensions! (¢ - it is

alvays cortain, although it can be sufficiently large).

FPOOTNOTE &, The transverse sizes/dimensions of beam are of the order

VmvVani) —i, vhare f - focal length of correctors. ENDFOOTNOTE.

The output of geometric ray/beam beyond the limits of aperture dces

not complately mean that entire,sall energy of beam is lost: some part
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of it nevertheless remains in the beam guide and in a specific manner
it is propagatei further., On the other hand, if ray/beam approached
sufficiently close to the edge of corrector, then this means that its
"facing/trimming”its its beam hit by certain its part beyond the
limits cf corrector., Beam shape iq this case is distorted, and its
further propagation no lecnger can be described by the trajectory of
ray/beam. Thus, geometric-optical approach can be reliably applied
only in the casa when is negligibly small the probability of the
approach of ray/beam even closely tc the edge of any corrector. Por
this either the beam guide must be sufficient to short ones, so that
ray/beaa does not manage still it will approach the edge or
heterogeneitiaes are so small irn the value that for entire
elongation/extent of beam guide they do not take away ray/beam far
from the axis. In any of these casas the vidth of beam amust be
sufficiently small in comparisorn with the sizes/dimensions of the

apertures (c - it is sufficiently great).
Page 55.

By the most acceptable method of the analysis of irregqgular beaa
guidas with finite numbers of Fresnel (not so small that it would be
possible to consider the team guide one-mode) they are, apparently,
the sisulation of such beam guides to the computer(s), the

set/dialing of the corresponding statistical material on the uni form
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totality of modals the treatment of this material the metheds of
mathematical statistics. In order to construct the model of irregqular
beam guide, it is necessary tc¢ assign the values of heterogeneities,
also, on the known field of exictation taking into account these
heterogeneities to determine fiecld at the ocutput of the beam gui de.
During this simulation it is necessary to determine field in on2
section of the beam guide (let us say, at the input of certain
corrector) on the field in other section (at tha output of the
preceding/previous corrector) when betw2en these sections the
heterogeneitias are absent. This can be made directly by Huygens's
principle - approximate soluticn of the egquation of Maxwvell. However,
the straight/direct coaputation of appearing in this case integrals
requiras high computational expenditures and makes it possible tc
simulate only separate beam guides [7])s. But the conclusion/output,
made on the separate models, it is not possible to consider reliable.
Is described below recepticn/prccedure (8, 9], with the aid of which
the integration is replaced by wmatrix transformation; this
substantially decreases the sgpace ¢f computations and is mada itself
with that actually attained the simulation of large statistically
uniforn ensembles. 0f the corparison of different models of one
ensenble it is possible to detersine not only middle of the
characteristic of beam guide, tut also the character of the

distribution of its parameters around its average/mean values.

-

T _am o
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DESCRIPTION OF METHOD.

Por simplification in the translation from the corrector to the
corrector the field in the cross section of bean guide should be
decomposed /expanded in the series/row along selected in a specific
manner complete systes of functions. Th2 effactiveness of rasolution
and entira method to a considerable degree depends on the salection
of such base line of functions. Most convenient for the multi-honey
beam guilas proves to be tha system, selected from thea following
considerations. As is known { 10, 11], Gaussian beam, propagating, in
the irregular beam guide with infinite correctors (c==), is not
changed its form, but only it is displaced according to the laws of
geometric optic/optics. Lcgical to assume that with final ¢ the team
has sufficiently simple structure, in any case until it approaches
closely to the edge of correctcr. This fact can be utilizegd,
connecting specifically the center of resolution on each correctcr
with the position of beam on it, for example, after taking as the

center ¢f resolution the ®"center of gravity" of beanm.
Page 56.
With this approach it is not pcssible to utilize as th=2 base line

ones its own waves of beam guide with the limitad correctors; since

the center of rasolution is displaced with respect to the center of
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corrector, the interval where these wavas are daterained, it do=s not

coincids with the aperturet.

PQOTNOTE t. In work [12] it is proposed as the base line onas to
utilize its own waves of beam guide with the limited correctors,
wcabled® to the center of corrector. A deficiency/lack in this method
is the fact that the analytical expressions for their own wvaves are
known only confocal beam guides; on the other hand, with increase cf
c increases a quantity of vaves, which have in effect zerc losses, so
that with large c series/rows greatly hadly/poorly converge.

ENDFOOTNOTE.

Mor2 conveniant are their own waves of beam guide with the
infinite correctors, describéd by polynomials of Laguerre (for the
tvo-dimensional case - Hermite) [ 13]. These waves are determinei on
the entira infinita plane (straight 1lins) and satisfy the
requirements of simplicity of translation from one corrector to the
next - with the translation VSS the intagrals are calculated in an
explicit form. As a result of integration is obtained the new
beginning of resolution; it is determined from the same formula tha%
also the trajectory of gecmetric rays/beam, but can be artificially
touched up for decraasing the quantity of the waves considered. At

the same time is separated/likterated certain general/common/total for
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all waves phase factor, which characterizes the direction of further
propagation of beam. In all thece expressicns to be contained the
information about the heterogemeities, connected with the position of
the preceding/previous corrector and a change in the direction of the
axis of beam guide. The acccunt ¢f the limitedness of correctors and
heterogenéities of the type c¢f the fluctuation of the
sizes/dimensions of correctors is conducted on sach corrector with

the aid of certain matrix/die cf the transformation of wave

amplitudes without a change in the centar of resolution2,

FOOTNOTE 2. Analytical formulas for the simulation of beam guides
wvith the random transverse shifts/shears of correctors are given in

(8-9) . ENDPOOTNOTE.

If focal lengths change from cna corrector to the na2xt, then in each
stage it is necassary to transform base lina system, cabling its each
time to its corrector (with its distance). This transformation is

conducted by the augmented matrix of coupling coefficients.

Thus, for the simulation of separate beam guide is assigned tha
exciting field, to all hetercgeneities are assigned the specific
random values (for example, toc each corrector it is assigned certain
shift/shear) and via translaticn fields from the corrector to the

corracter taking into account knewn hetsrogeneities will be

_ ettt -i‘i




DOC = 81082201 PAGE 10

determined field at the output cf beam guide. Pields at the input, on
the intermediata correctors and at the putput are assigned by the
set/dialing of wvave amplitudes and by the coordinate of the center of
resolution. The consecutive transformations of thesa amplitudes are
conducted with the aid of the matrices/dies of coupling coefiicients.
These matrices/dies, generally speaking, are infinite, but the
corresponding evaluations/estisates maka it possible to replace by
their final ones, i.8., tc consider a finite nuaber of wvaves,
reaching in this case the preset accuracy. If we require, for
example, so that the power of all disregarded on one corrector vaves
would pot oxceeld 10-3 4B, then in the calculations it will
participate only 10-15 waves. This makes it possible to simulate

during one hour, on a computer of type BESM-2M (8 thousand ovnerations
in 1 second), about 100 beam guldes, which conslist of 100 corrections

each.,
Page 57.

USE OF SIMULATION FOR THE ANALYSIS OF IRREGULAR BEAM GUIDES.
We will be restricted here to the 2xamination of beam guides

with random transverss displacements of correctors -~ among all

possible heterojeneities the heterogeneities of such type introduce,

as a rule, the greatest lcsses,

- mY e eeremE———
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On the models of separate beaa guiles with the displacement is
detected the so-callad cushioning effect of beam. Pig. 1
schematically dapicts the saection of certain beam guide., Solid line
designated the trajectcry of geosetric ray/beam; on by shrine
trajectory would be propagated the center of beam, correctors were
not limited. Dua to the finitemess of the correctors (it is assumed
that they they are included in the absolutely absorbing diaphragums)
the real trajectory of bundle (dotted line) differs from
geometriz-cptical. This divergenca it becomes noticeable beginning
from that corrector bundle apprcaches sufficiently closely to the
edge, so that the essential part of the energy falls diaphragm. As a
result the trajectory of bundle somevhat is smoothed, approaching an

axis of beam guige.

Por explaining this effect let us present field on each
corrector in the form of the superposition of its own waves of bean
guide with the substantially limited correctors; reference point
consistent with ths center of the corrector, on which is ccnducted
the resolution. As has already beer mentioned, such waves vwere
determined in the limits of aperture and have differeat losses, which
incraease vith the number of wavaea, and, if ¢ is not very small, then

the losses of several first waves are negligible. The greater ¢, the

greater the slowly decaying vaves.
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Pig. 1.

Page 58.

In the process of the propagation of bundle along the irregular tean
guide occurs the transformsaticn cf its own wvaves: the
removal/3istance of beam from the axis 5f beam guide means that as a
result of ra3peatad transformaticns appear the waves with by ever more
fine numbers, and the share of the lcvwest waves in the bundle falls.

Thus far bundle does not approach closely to the edge of corrector,

il




DOC = 81082201 PAGE 13

it consists only of the waves whose losses are negligible; beam shape
in this casa is not distorted, Ltut its trajectory coincides with the

geometric-optical. And only with the approach of bundla to the 2dge

in the resolution are developed vwaves with the noticeable losses,
they rapidly attenuate, and as a result in the frame resain only tha
slovly decaying waves, Due tc this bundle it is driven out froa the
edge of corrector, since in it disappear the waves, which have
roticeable amplitude on the edge (and, naturally, noticeable lcsses),
this and ther2 is daaping bundle. The damping the more strong, the
less the number of Presnel c; the greata2st damping possass the '
mentioned above cne-mode team quides - in them the trajectcry of

bundle actunally coincides with the line of centers of correctors.

According to the results of the simulation of the statistically

uniform enseables of irregular beam guides it is possible to

construct the density curves of the distribution of losses!; the
typical form of such curves for the beam guides of different length

is ropresented in FPig. 2.

POOTNOTE !, Probability that value P of losses in the
concrete/specific/actual beam gquide will prove to be interval (P,,
P,), can be determined on the density of distribution p (p) as |

follovs:

Py
p(Pl<P<P,)=Sp(P)dP.
Py
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ENDPOOTNOTE.,

In the character of these curves is developed the qualitative
difference between the multimcde (solid lines) and one-mode (dotted
line) beaa guidas. Por the one-mode beaa guides the function of
density of distributisn it has Gaussian form - the most prcbable
valuas of losses in such beam guides are the values, close to the
averages, Probability that the irregular one-maode beam guide will
have losses, considerably differ from tha averages, is negligirbly
small, Por the multimode beam guides the density of distribution of
losses takes, as a rule, the dcuble-huaped form. This means that most
probable are either the very large or vary low losses, and the
probability of the appearance c¢f losses, close to the averages, it is
comparatively small. In the lisit (c—>« due to the decrease of
vavelength) the bundle in the multimode beam quide degenerates into
the infinitely thin ray/beam, and then losses in the beam quide are
egqual either to 0 (ray/beam reached the eund/lead of the bear guide),
or 1 (ray/beam on any correctcr exceeded the limits of aperture). The
average/mean value of losses P in this case is aqual to the

probability of the fact that the ray/beam will not reach th2 end/lead

of the beam guide.
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Density of distribution becomes sum tvo delta ~ functions with the
appropriate weights
p(P) =(1—P)d(P) +PO(1—P)

- the limiting case of double-humped distribution.

Random heterogeneities (fcr example, the transversa
displacemsnts of correctors) will appear and change in the time even
in the initially well adjusted beam guide. Prom this point of view
the double-peaking of the density curves of distribution means that
the sigrificant part of the time the beam guide will work with the
large losses., If we consider alsc that the presence of large losses
in the multimode beam guide unavgidably antails the strong distortiosn
of shape of beanm (these losses they can appear only on leaving of the
part of the bundle beyond the linits of the aperture of what ~ first
corrector), then will become cbvious thz undasirability of
double~humped distribution. Ir order to decrease the probability of
the appearance of large lcsses, it is necessary to maka a trajectory
of the bundle of of smoother, without making it possible fcr it to
approach edges of correctcrs. By one of the mathods to achisve this
is the use of long-focus correctcrs. As is known, the dagree of a

change in the trajectcry of geomatric ray/team by the shifted
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corrector the lass, the greater the focal length of corrector. On the
other hand, in the besam guides with the long-focus correctors are
formed /shaped broader beaas and, therefore, in them and the dasping
is aore strong. True, focal length cannot be increased infinitely;
finally, bundle is expanded so, that appear the large losses on each
corrector. Naturally appears the task about the coptimum focal length
(for exanple, in the sense cf the minimum of the average/mean value
of losses) . The solution of this prcblem can be obtained, by
simulating the 2nsambles of beam guides and by comparing the averaged
results for different focal lencths. Optimum focal length depends on

the root-mean-square value of shift/shear A (Pig. 3)t.

FOOTNOTE !, The results of Pig. 3 are more pracise than gives formula

(23) in [9]. ENDFOOTNOTE.

It turned out that the optimum in s2nse indicated above beam guides
possaess the very important property: in them the density function of
the distrcibution of losses, as a rule, Gauss~-like, i.e., losses in

the concrate/spacific/actual realizations of such beam guides are

close to the averages,
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Pig. 2.

Page 60.

This fact, together with the sufficiently low level of average/mean

losses (order 150/0 to 100 correctors with ¢=25 and A=0.1 a), shows

the advisability of the search f¢r optimum focal lengths.

However, on the series/row of technical reasons production and
use of long-focus correctors proves to ba sometimes difficult.
Moreovar, the daperndence of optimum focal langth from A requires the

preliminary knowledge of the average value of displaceament by which
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can be subjected the correctocrs: and this is not always possibla,
There are other reasons, which make it necessary to search for other
vays of decreasing the losses in the irregular beaa guide. One of
such paths it is possible to consider the automatic tuning of
separate correctors, for example the introduction through the
specific cuts of the beam quide ¢f the artificial displacement of
correctors, calculated so that they would bring the trajectory o>f
bundle closar to axis, For the simulatiosn of beam gquides with the
self-alignment it is necessary tc consider the additional losses,
unavoidable with that or other smethod of tuning, and also possible in
this case error. Since all this depends or the
concrete/specific/actual schematic of tunirg and technical equipzent,
its realizing, we will be restricted for the illustrative targets to
*he idealizad case, namely, let us suppcse that several correctors
bundle are derived/concluded to the axis by the displacement of two
adjacent correctors and to the additional lossas in this case they
are not introduced. Fig. 4 gives the density of distribution of
losses in the confocal beam guides cf different length with the

tuning through 10 correctors.

h_
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Page 61,

Curvas correspond to Presnal's parameter c¢=25 and root-mean-square
value of shifts/shears A=0.08 a. As it follows from the givea curves,
with the aid of the self-alignment it is possible to considerably
lower tha levael of losses aven in the very long beam guides (order -
several hundrad corractors); in this case the distribution of losses

around their average/mean value proves to be very dense.

#2 gave only some results ¢f those which can be obtain2d by the
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simulation of beam guides on the coaputar(s) (and, anpnarently, inacces-

3
sible or, at least, pooriv accessible when other methods are used).

By this method it 1is possible to investigzate beanm guides with

different means of heterogeneities., 1In particular, there 1$ creat

interest in the study of bean muides with the correlated

heterogeneities, for examnle, beam guide with the random curves

of axis,. Preliminary sinmulation will bring the specific benefit

also during the layout of real routes,
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Page 62.

ONE USE OP METHODS OF THE STATISTICAL THEORY OP ANTENNAS.
G S. Bogoslovskiy, V. A. Usin.

Are examined questions of the use of methods and the apparatus
for the statistical theory of antennas for determining the
statistical characteristics ¢of the "noisem™ of transparent dislectric
films. Are given the experimental results, obtained during the

investigation of the photograghic films of some types.
PORMULATION OF THE PROBLEN.

The quastion about the determination of the statistics of tbhe
"noise® of transparent dielectric films arises, for example, in
connection with the fact that at present frequently they raesort to
tha recording of information ¢n the photographic materials of
different foras (films, plates. aetc.). So they anter, for example, in

the holography, with tha mapping of the garth's surface with the aid
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of the locators of lateral survey/coverage with the synthesizad
aparture and in a nuaber of other cases. General/common/total in this
case is need for recording and playback of information not oaly about
the amplitude, but also aktout the phase of the fixed/recorded

procass. The latter will be always distorted due to the "noise" cof

the photographi:z material, which appears as a result of inaccuracies lA
in its profilesairfoil, that appear in the process of production. The i
"noise® of dielectric film, naturally, will determine tha potential '
characteristics of the systsms, in which the photographic gmaterial is

the data carrier, and to distcrt this information.

The statistics of rough screens - namely, such is film -
frequently characterized by dispersion and by a radius of the
correlation of distortions., We will also considar that for the
gquantitative evaluation of the degree of the distcrtion of
information it is necessary toc determine, first of all, ¢2 and p of

the "noise™ of photographic matarial.

Is given ba2low one of the possible methods of solving statad

problem. Only method consists of the following. Coherent ligat wave
is passed through the film, By this distorted wvave they irradiate the
opening/aperture of known geometric forn, Informaticn about o2 and p

of "noise™ of film is obtained, analyziag diffraction pattern from

*he opening/aperture.
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DESCRIPTION OF METHOD.

Let opening/aperture in the opaque screen - square with side L -
they irradiate by the plane wave of coherent light/world, which falls

normal to screen,
Page 63.

Wava processes in this system are described in accordance with
Hoygens-Kirchhoff's principle by the integqral

e"' KR

E(M)=.‘2_;-j£s-—k—-ds, (1)
. S

vhere F; - valuz of field E on surface of 5,

«=2n/), - wave nuaber,

R - distance betwveen element/cell ds of surface S and point

cbservation M, in vwhich is searched for field E.

Examining problam in the aporoximation/apprcach of Kirchhoff,
making common for a remote zcne assumptions and omitting unessential

for analysis constant factors, let us rewrite (1) in tha fora
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Iy (9, %)=S;‘.A(x' gettEr Ny gy -

Al D—uE— D@+ D) —u =D Y axdy. (@

Here A, - amplitude of the incident to the opening/aperturs

vave,

I i z>o0,

1 @
u@ = — OPH 2=0, | — eldiuHan GyHKUMS,

_On 20
Key: (1) . with. (2). unit function.

. ' L . .
¢=*%§5m9,¢ﬁ=%r sin® -t he generalized angles; x=2x*/L, y=2y'/L =-

reduced coordinates in the plane of opening/aperturs 1.

POOTNOTE t, The reference pcint cf coordinates corresponds to the

centar ¢f opening/aperture. ENDFCOTNOTE.

Aftar placing in the remcte zone of opening/aperture recorder,

let us fix the distribution of the intensity of 1light in the

diffraction pattern
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\y (9, W)= Ag”'” fu(x+ 1) —u@x—1)][u @ +1)—

—u@m—De@+)—uy—DiL@pm+1)—
—u(h— l)]ehb(l—h)‘f'“.*l(l—ﬂl)dxdxldydyl. (3

This distribution contains information about the size/dimension cf

opening/aperturs L.

Let us assume nov that the incident wave passes preliminarily
through the transparent optical heterogeneity - photographic fila.
Let us agsump that it does not change amplitude distributicn, kbtut
introduces as a result of the Fetercgeneity of thickness the random

phase displacement #(x, y) into the transmitted wave.

The distribution of intersity for this realization of randonm

process #{x, y) takes the follcwing form:

@, gt = Asmjfu ®+ D) —u@x—Dle @@+ D) —uxn—1)]

Xu+D—uy—DHu(r+1)—uy— DI
X ei [p (2. 9) =% (2. 1)) ei (b (x—x) 4 ‘”'”‘”dxdxldydyl. )

Page 64.

In distribution (4) is ccntained, obviously, the information not

only abcut the sizes/dimensions of openingsaperture, but also abcut
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the parameters of the optical heterogeneity, which causad random

phase shif+,

If we average (4) on the ensemble of realizations e(x, y), then
it is possible to obtain the infaormation already about the
statistical characteristics cf the "noise® of film. The corresponding

distribution of intensity takes the fora

Teo. 9l = &2 [l +D—u@E—Dluwm+D—u@m—nx
Xlu@+ D—u@—Dlu@p+ 1) —u(y—NDIX
x @ [P (5 1= (B )] gl 4 (3= 51) + 4 W—v) 42 dx, dy dg,. ®)

Lat us pote that relationship/ratis (5) is analogous with the
appropriate formulas of the statistical theory of antennas [1, 2]

This will allov us subsequently to use some results of work [2].

Prom the distribution of intensity (5S) it is possible to already
extract information about the interesting to us parameters o2 and p,
as this was done, for example, in [2]. Actually/really, in the
statistical theory of antennas [1, 2] are designed average/mean
radiation patterns for the sufficiently large range +¢2 and p.
Comparing with them the experisertally specific distributions of

(Tew. e %

intensitya it is possible with the specific degree of accuracy to

rate/estinate these parameters, One should immediately be specified
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that with this method of determination o2 and p [3] are utilized the
a priori assumptions about the ferm of the correlation coefficient.
While conducting calculaticns in {1, 2] this form was assumed to be
exponential or Gaussian. Although it is possible to assume that for
the monotonically collapsibles/drcpped correlation coefficients the
results will be similar, at least gualitatively [2]), it is of
interes: to examine the methods cf determination of ¢2 and p, which

do not require the a priori assumptions indicated.

We will use for this expression (5 . Converting it according to

Pouriar, wve will otbttain

FIT® W1 = [[ T8, WP "= " " ddy, =

= A? ”ﬁ” [wix + 1) —u(x— D}u{x+ 1) —ux—DIX

X uly+ N—u(y— D@+ 1) — uly,+ DIX
eih (x. w—wx.-ux)lei [‘&i (X — Xy + V) + 4, “"""""dxdx,dydy,dvd“. (G)

Page 65.

After changing the order of integration in (6), let us calculate at

first
Sj'eiw(x—x.)—v)el%(v—v-—u)dwdw‘=6(x_xl_\,)5(y_y‘_').

and then, after using the filtering property of &6-function and after
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replacing the variable/alternating

X = X—v, h=Yy—y,

let us ravrite expression (6) in the forn

FOT(S, 90 = A3 [ (16 (e + D) —u (e — DIu (x — v 1) — (r——1)] >
Xlu@+)—u@—De@y—p+ ) —u(y—p—1)-
Xe'['(‘- ND—e(x—~v, y—n)] dxdy- (7)

For the computatior in integral in the right side of expression (7)
it is necessary to make the specific assumptions relative to randoa
procaess #(x,y). Let us assume that ¢( x,y) - two-dimensional norpal
stationary random process with the zero average. This assumption is
logical in connection with the fact that ip view of the variety of

the factors, which operate on tte film in the process of its

production, must be fulfilled the central limit theoren.

Undar thes2 assuamaptions wvwe will use fer computing the integral
in right side (7) expressicn for the characteristic function of a

difference in random variables [4]). Then we obtain

F{T($. 90 =4 5'5 [ (x + D—u (=D lu (s — v+ ) —u e—v—DI>.

Xluy+)—u@—DNu@—e+ )—u(y—p— 1))@ 070w
<dxdy = AFA() A (p)e "I (8)

— Y
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1)
1+ -;- rﬁm —2<tK0,
A@R) =

“

iy npt 0<< v <2,

0 m?
OpH OCTaJbHHIX T,

Key: (1) with., (2) with remaiping r.
o'=0] =02 — the dispersion of randoa process #(x,y).,
r(v. pj— the coefficient of correlation of random process #(x,y).

After taking the logarithm of relationship/ratio (8), and also

converting expression (3) analcgous with (5), let us record

InF (I ($, YO =In[ABAMAEI—a* [l —r(, v, )
InF({l, (¥, $0i*l =In[A2A() A ()] (10)

Deducting (9) from (10), we uill obtain

InF(llo(b, M —InFI (¥, 4l =1 —r(, w). ()

Page 66.

In (11) is contained all information about the correlation
function of raniom process ¢ (x, y). Bearing in mind,that r(v, n)

vanishes vhen v, 4=, it is possible from (11) to determine
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dispersion, and then the radius of the correlation of errors at the

assigned level.

After measuring |/o(v¥. ¥:]2 and |/(y, ¢,)]% it is possible to realize
algorithm (11) with the aid of ccmputer(s) or with the aid of

electro-optical circuits.

In both cases it is necessary to, first of all, measure tha 1

averaged d1istribution of intersity |M¢.¢J? Let us examine cone of the

possible mothods of this smeasureasent,
Experimental determination i/.$)|>. BEvaluation/estimate of the

parameters of the "noisem of film.

Por experimental deteramination Iﬂﬁnvdl’ vas utilized the

installation whose schematic was given in Fig. 1.

As tha source of coherant light 1 was utilized the laser in the
one-node mode/conditions. The parameters of ray/beam at the output of
collimator 2 and installation vere selected so that the distribution
of light/world in the limits of opening/apertur< in opaque screern 6

wvould be uniforn.

Recording image was conducted by photomatric method. The
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distribution of light/world in the diffraction pattern they

photographed by amirror camera 7 (type "Zenit"), located in the focal
plane of converting lens 6. The Obtained image they scanned

photometrically on the recording microphotometar MP-4.

buring recording of distribution |/o(¥, ¥1)|* (Pig. 2a) the fila 3
(Fig. 1) being investigated tlkey removed from the path of ray/bsanm.
During the arrangement/positior with th2 path of the ray/beam of the
motionless fila being investigated they recorded the "“ianstantaneousn®
distribution of intensity (Fig. 2b, c). Por recording the avaraged
distribution |[I(y, ¥;)|? the sample/specimen of the fila 3 Leing
investigated they revolved with the aid of electrical amicromotor 4
(Pig. 1) . The visually observed affect of averaging is illustrated by
Fig. 21. The obtainad as a result of photometric measurement
graphs/curves compared with the calculated ones and according to the

results of coamaparison were ratedsestimated values of ¢2 and p.

.
1
:
i
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_‘G_ﬂ_

Fig. 1
Page 67.

In connection with the fact that the calculations were carriad out

for principal planes of square aperture, for the comparison with then

were utilized experimental curves |/(0, v)[? cr |H¢,0H{

Before passing to the discussion of experimental rasults, it is
necessary to note tha following. The value of the linsar section
charactaristic curve recording photcgraphic film is insufficient so
that to it they would hit the main and minor lobes of distribution
T7(%, ¥ |> Therefore photography it is necessary to produce several
times vith diff2rent exposures, and than "to join™ the obtained
results. Exposure can ke changed, changing value of luminous
“lux with the aid of calibrated optical filters [4] or changing the
time of exhibition. As the standard for the construction
characteristic curve recording photographic fila was utilized w21l

known distribution [/o(¥, ¥:)|2 €or the square opsning/aperture.

-,

R IR R
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Accuracy of measurements bty ~10o/0 with a drop/jump in the

intensities of 20-25 dB.

Were measured distributions TTEETETP for the support/base of a
film of the typa "Mikrat 300", Measuremaats were made for the sguare
openings/apertures with sides L=0,15; 0.25; 0.30 mm. The set,/dialing .i
of openings/apertures was utilized on tha following reasons. Values !

of ¢2 and p are det2rmined by the data by the sample/specimen of

film. Howaver, calculatad curves |/(y, 0)|2 (|/(0, $,)|?>) are constructed for

the set/dialing of values 2 and relative radius of correlation
c=2p/L. It means, changing L, we obtain the possibility to
rate/astimate tha "stability® of experimental results, i.e., to judge
how is justifiable the use of calculated curves, constructed under
the specific assumptions about the form of the correlation
coeffician%t, for the evaluaticn/estimata of ¢2 and p. The legitismcy
of such assumptions can be confirmed by the coincidence of the
evaluations/estimates of o2 and p, obtained in the measurements with

the openings/apertures of different sizas/dinmensions.

The results of axperiment are illustrated by the graphs/curves
of Fig. 3a, b, c for the square openings/apertures with L=0.15; 0. 25;
0.3 am respectively. On all graphs/curves are plotted/applizd
experimentally taken/removed distributions [7(y, 0) ]2 (by small

circles), and also calculated curves, constructed for the values

¢2=0.2, =4, 6, 8 for the expcnential form of the ccefficient of

corralation (broken lines).




rig. 2.
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Key: (1) 3B, (2) data of experiment,

Page 71,

Calculated curves for the Gaussian

form of the correlation
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coefficiant qualitatively differ little from those constructed. Frona
the figures evidently, the oktained results qualitatively confirs the
positions of the statistical theory of antennas [1, 2] about tha
character of the distorticns of average/mean radiation pattern ;

’

(average/mean diffracticn pattern).

Prom the analyses of the obtained results it is possible t>

establish/install tha following:

1. Statistical characteristics of the "noise"” of the
investigated film, obtained via comparison with calculated curves,

|
are rated/estimated by the follcwing values: ‘
i

a) for the exponential fcrm of the correlation coefficient:

L=0,15 e >.o’z0.2. c=~8 (p ~ 0,6 mm);
L=02 #u: 03=02, c=56 (p=0,7 un);
L =030 ux: 0202, c=x<4 (p=0,6 um);

b) for the Gaussian form of the correlation coefficient:

"L=0,15 mm: otz O.?;. c=5,4 (b 20,4()':»4»«); .
L=025 un: 0*=0,3, ¢=3,5 (p=0,45 un);
- L=0,30 wm: 0*~03, c=26 (p=0,40 mn).

2. Results of measureaments strongly d¢ not depend on the
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sizesdimension o9f tha utilized cpening/aperture, and the latter can

be selected from the conditions of convenience in the

experimentation.

3. Estimatas of the magnitude of ¢2 and p, obtained for the
differant fora of the correlaticn coefficient, have one order, but
they depend on the form of the correlation coefficient. Therefore to
more preferably utilize such sethods of the evaluations/estimates, in
which is not required a priori assumptions about the form of the

correlation coefficient.

In conclusicn the authors ccnsider it their pleasant duty tc
express appreciation toc professcr Ya. S. Shifrin for the
management/manual of this work and V. I. Zamyatina for the

participation in her discussicn.

REPERENCES.

1. mw;on fl. C. Bonpocn crammcTHuecKofi Teopun asmTens. «CoBerckoe paliur

2 Wudprn . C. Bonpocs crarucTHIeckod Teopux amtenmH. Haa-so «Cossrokoe
pazHo» (B newatH).

3. Tesnn B, P. Teopermueckue OCHOBW CTaTHCTHYECKOM DANMOTENHHKIL. &l !
Hsz-so «Coperckoe paaxo», M., 1966.

4. Kypouxun A [l Meroau ONTHYECKOrO MOJENUPOBAHUA anTeHH cpy. Pl
TexHHKa H aexTpoHkkas, T. XIII, 1968, Ne &

Article was recaived by the editorial staff on 17 March, 1969.




DOC = 81082203 PAGE W

Page 72.

Cem ce W

DIRECTED DIVIDERS ON THE METAL-DIELECTRIC WAVEGUIDES.

V. P. Dubrovin, D. I. Mirovitskiy, L. S. Osipov.

In the article are presented the results of developing the
structurally/constructurally sizple directed dividers of pcwar SVCh
on the metal-dielectric wvaveguides in which the use of newv principle
cf beaa comaunication ensur2d high electrical characteristics in tkhe
broadband. The production cf dividers in the series production is

realized by methods of printed technology.

Por the two-channel directed divider cf power in the centimeter
vave band are given fundamental electrical and structural/design

characteristics,

With each year to the lines of transmission of energy SVCh are
presented all new, often cprcsite, the requirements. Here and the
requirem2nt of the decrease cf sizes of crcss section (in the

decimeter range), and, on the contrary, their increase (in the range
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of millimeter and submillimeter wvaves), the requirement of low
lossas, good scresning frcm the environment and the at the saame time
convenient access into the interpal cavity of waveguide. Especially
urgent are probleas the broad-tand character of the waveguida lines
of transmission (and also ncdes on their basis) and transsissicn of

large powver SVCh,

Nona of the known transmission lines satisfies to that i
enumerated, in many respects coptradictory, to requirements, and
therefore are natural the constant searches for the nev types of
lines and development for different functional units, which satisfy

at least partially these requiresents.

One of the promising lines of transmission, propossd by Tusbher

(1] and that investigated by a number of the authors [2-4], is

H-shaped metal-dielactric waveguide (Fig. V).
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Pig. 1.

Page 73.

Fundamental lowest vibraticn mode is here symmetrical Hgy,; (LEg;) wave.
The special feature/peculiarity of this wave it is "cutoff" with any
sizes/dimensions of waveguide. During tha use of di2lactrics with tte
large dielectric permeability (fcr example, ceramics of titanates of
calcium apd strontium e~=~100-15C and tg6=6.10"*), this wvaveguide is
suitable fcr the uses/applications the lowest frequencies SVCh of
range., In work [S5] shown that at the frequency of 1 GHz with
identical sizes/dimansions ¢t tka cross section of a H~- waveguide and

track th2 linin, filled with a dielectric of the type Rexolite (e=2A54;

> om vy
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tg&s5.10-4), the first possesses the considerably larger capacity (2
n¥#; 50 kW of peak. In this case the longitudinal sizes/dimensicns of
elemants/cells and nodes on a B- wavequide prove tc be several %imes
of lass than thz sizes/dimensions of ths corresponding nodes on the
strip line, and linear energy losses {(to the wavelength) descend

On the other hand, in [3] it was indicated the advisability of
using H- waveguides on the millimeter and submillimeter waves with
others lowest of oscillation/vitration (by vave LM,,). On this wvave
(vith the exception/aliminaticn of the highes* vibration modes) are
obtained the maximum sizes of tha cross section of a H- waveguide.
This leads to the low losses and the possitility to canalize high
povwer levels SVCh. The character cf a change in the losses with the
frequency here is anomalous (lcsses decrease with an increase in tha

frequency), is the same as in tte circular vaveguide with Hy,; by
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vave. Tha absence of longitudinal ones is such in th2 metallic walls

of H- waveguides with LM;, by vave it siaplifies their mating.

The enumerated positive special features/peculiarities of a H-
vaveguida were occasion for the beginning of th2 investigation of the
series/rov of broadband nocdes and elements/cells on its base, most
frequently natilized in the technology SVCh, these as two - and
nultichannel directed dividers cf power, the directiocnal couplers,
¢he hybrid and rotating joirts, different filters, detector caps,
etc. In the present work are described the results of developing tha
tvo-channel directed divider c¢f power on the metal-dieslectric

vavaguida,
EXCITATION OF METAL-DIELECTHRIC WAVEGUIDE.

Pundamental wave Hyy; in the metal-dielectric waveguide is most
siaply excited by rectangular waveguide with wave H;, (upon their

coaxial inclusicn/connection).

The selection of width h of the dieslectric plate of vaveguide
and its dielectric permeability ‘¢ was conducted, on the basis of the
following contradictory requiremsents., On one hand, it followed as far
as possible more strong "to coenect" elactromagnetic field with the

dielectric sc that in the place c¢f an abrupt change in the boundary

. e -
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conditions (upoa transfer frca the rectangular metallic vaveguide to

the metal-dielectric) reflectior would be Mminimuanm.

Page 74.

FPor meeting of this requirement the cross section of the wave tube,
in which is localized basic part of transmitted povwer, must be agual
(or it is less), to the cross secticn of rectangular waveguide. Cn
the other hand, for guaranteeing the direacted branching off of power
should be ensured the conditions of the wveak
nconnection/communicaticn”™ c¢f wave with the dielectric strip of 1line.
Each conditions it proved tc be fossibl2 tc ensure during the use of
a dislectric of the type CT-S withe=5 and tg6=6.10—4, if wve select
strip vwith a vidth of h=4 mm. It was taken into consideration,
besides the fact that for the waveguide of the conventional secticn
10x23 mm2 there is a standard transition in the section 4x23 mm?. as
a result of the independence cf the fields of wvave Hgy, from
coordinate x, haight/altitude t of metal-dielectric wvaveguide it
provad to be pcssible for corvenience in the coupling to also take as
equal to 4 mm. Thus, as a result of calculations and axperiments
optiaum was the square secticn cf dielectric strip (b=h=4 ma). The
connection of astal-dielectrio ard metallic waveguides was reoalized
by the standard collars, shcwn in Pig. 2, whare vas depicted the

genaral view of the develcped tvo-channel directed divider. The
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converter of a H,,-wave of metallic waveguide into a Mo,- wave of

metal-dielectric vaveguide was made in the foram of dielectric key

vith a length of [ (being the ccntinuation of dielectficzstrip).

introduced into the metallic waveguide. -

During the arrangement/position along the axis of the metallic
vaveguide of the selected dielectric strip (h=b=4 =mm, €=5) the field
is concentrated it, and on side metallic walls - it is very small.
This made it possible without the essential reflections to transsit
signal from the rectangular into the metal-dielectric waveguide, in

spita of the sharp break ¢f the walls of wavaguide,
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Pig. 2.

Page 75.

The rasults of measurement of KSVN [VSWR] in the band of fraguencies
of 7.5-10.5 GHz (Af=+-16.504 ) are given inT able 1 for several
lengths of wedge-shaped adapter. Let us note that KCBHuue vas
observed on the low-frequency edge of working wave band. This is
explained in essence by the decrease (with a decrease in the
frequency) of transverse wave pumber ian region I (Pig. 1), i.e., in
the dielectric strip, and therefore by an increase in the cross
section of "wvave tubas"., The latter leads tc¢ an increase in the rcle
of the reflections of the part of the energy of the secticn of tthe

sharp break of side walls in the exciting metallic waveguide.
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Relative decrease with an increase in the wavelength of the evenness

of tapered matcher plays smaller role, which tale is confirmed

axperiments with the matching keys for which, in spite of an increase

in length | in more than 50 ma, the value of VSWR does not dacraase. '

COPHASAL DIRECTED BRANCHING CF ELECTROMAGNETIC ENERGY IN DIELECTRIC

WAVEGU IDES

During the investigaticn of the propagation of the

de ferrad-actiocn electromagnetic vaves in the connected dielectric

vaveguidas is experimentally discovered [6, 7] the prasence of the
cophasal directed hranching of electromagnetic energy into the
lateral circuit, which intersects at sharp angle with the fundamental
dielectric waveguide. Are established/installed the fcllowing special
featuras/peculiarities of a similar local connection/communication of

two dielectric waveguides.

The effective directed tranching of energy from the fundamantal
circuit in the lateral (vith the decoupling of arms on the order of
40 dB) is retained in the Lkrcadband (+-200/0) despite the fact that

the section of interaction has the limited langth (less Xrqy).

The branched intec the lateral circui% wave is cophasal with tlL2

vave, which is propagated in the fundamental circuit.
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The discovered effective kranching of energy (i.e. with the
"pumping® to 500/ the energy into the lateral circuit) occurs with
the lov reflection coefficients in the ragion of the branching of

vaveguides from the side cf all four aras of this connection.

The qualitatively cophasal directed branching of electromagnetic

anergy in twvo intersecting dielactric waveguides carn be exglained as

followus.
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Table 1,
Dawna xmma [, an 30 40 } 50
3 !
l KCBHyoue B Donoce 1,53 1,27 ‘ 1,12 l ;

Key: (1). Length of key %, mm. (2). in band.

Page 76,

In the section of their intersection occurs a change in the guides of

the properties of fundamental wvaveguide, and *his local
disturbance/perturbaticn leads *¢ directional radiation of the part
of ensrgy from the fundamental waveguide tc the side, which "is
seized" by the wavequide cf lateral circuit and further by it it is

transaitted.

Taking intd account wave structuras Hy,; in the metal-dielectric
vavegnide and dipole tyoe wave in the dielectric waveguide, it was
possible to expect the presence c¢f this type of interaction, alsc, in
the intersecting at angle metal-dielectric waveguides. Therefore was
realized the develcpment cf the directed divider on the line of

Tischer with the use of the described above phenomenon.

" ;
% e : b
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TWO-CHANNEL DIRECTED DIVIDER CF POWER.

Three~leqg of the divider of power SVCh (for example, Y- and
T-shaped dividers on the ccaxial line or rectangular waveguide) are
not diracted, the cutput arms of dividers are not electrically
isolated/insulated from each other. Experiment of the development of
such dividers on the dielectric waveguides showed [8, 9] ,that dipole
type wave is transmitted well (in the place of the branching off of
fundamental waveguide) only by b those arms which are deflected from
the fundamental waveguide at small angl2. In the aras, deflected from
tha fundamental circuit at angle of 909 and more, wave virtually dces
not pass. Howevar, for the series/row of uses/applications
(fulfillaant of diagram by printed wiring, work in the long-wave
section of centimetar band) dielaectric wavegqguides are less adarpted
than metal-dielectric., Therefore was carried out the develcopment of a

Y- directed divider also c¢cn the netal-dielectric wvaveguide.

The schematic of a Y- divider of power is shown in Pig. 3.
During the supplying of signal into arm 1, power (if angle 2a between

arms 2 and 3 it is small) it is divided in half in the region of the

symmetrical branching off of metal-dielactric waveguide.

b .
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Fig. 3.

Page 77.

Since branching off smooth ané the wave is not tco "strongly"
connected with the dielectric, it was to be expected that (as in the
dividers on the dielectric waveguides the conditior of the smallness
cf the raflection of energy in the region ¢f branching off is
satisfied, and consequently, occurs the directed division of power.
During the supplying of signal intc arm 2 part of the power
(approximately/2xemplarily half) the force of reciprocity must hit
arm 1: T he remaining pcwer partially will be amitted in the
direction, close to the directicp of the axis of arm 2, and partially
it will be reflescted frcm the hetercgencity in the region cf

branching off and will appear into arm 3. Taking into account that
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the angle B between arms 2 and 3 is great, it was to be expected the

negligibly small (ir ccmparison with the primary power, the subject
into arm 2) branching of power into arm 3. Thus, arms 2 and 3
dividers nmust be isolated/insulated from each other. Similar pattern
by the force of the syzmetry cf divider must occur, also, during th=

supplying to power into arm 3.

The degree of the isolatior of lateral arms 2 and 3 from each
other depends, naturally, and cn their agreement with the output
circuits. Thus, during the supplying of signal into arm 2 (if we
disregard/neglect the disturtance/perturbation of the vave of the
region of branching off, which is correct with the "weak
conractedness” of wave with the dielactric strip) the account of the
agreamant of arm 2 with the output circuit gives tha following
obvious expression of the maximally attainable insulation Letween
arms 2 and 3:

u=10igl2(0+ 1) @— 1)~ P, 98-

- -

Here ¢ - VSWR in the waveguide cf arm 1 from the side of arm 2.

Thus, for obtaining the directed division with the insulation it

~

is more than 30 4B between arrs Z ard 3 it is necessary tc apply

vaveguide transitions with VSWR, at least, not exceeding 1.1. lat us




DOC = 81082203 PAGE ,}&;{

rote that the insulation of arms, provided by the discovered
phenomenon, substantially above and the actually attainable level of
insulation is limited actually Ly reflection im the arms of branching
cff. Device/equipment ¢f one cf the versicns of the develcred

tvo-channel divider together sith the adapter in the standard section

10x23 am2 is shown in FPig. 4.
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Page 78,

Fig. 5 gives fraquency ones the characteristic of the agreement cf
all its arms (curves 1, 2, 3, is shcwn change of VSWR in the
operating range for lateral aras 1, 2, 3). Are so represented curved
4, which characterizes insulaticn between arms 2 and 3 (obtained with
the use/application of the described above adapters from rectangular
vaveguide to the metal-dielectric). Weakening the signal between aras
1-2 and 1-3 in the range indicated wvas 4.2+-0.3 dB. Weakening the
signal betwveen arms 2-1 and 3-1 was retained wvithin the same limits.
Certain increasa in the weakening (to 5-5.% dB)vas observed only ir
the sub-range 7.5-8 GHz. This is caused by the increase here of
direct radiaticn frcm the metal-dielectric waveguide. At the higher

emission frequencies from the waveguide again sharply fell. The




;
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results of measurements indicate certain disturbance/perturbation of
vave near the branch point, since total VSWR at the input of each of
three arms exceeded VYSWR cf waveguide adapters theamselves, Let us
note that in the measurement cf VSWR of the arms of divider to its
all remaining arms were ccanected the matched loads on rectangular

vaveguide with VSWR which do rot exceed 1.05.

Por determining its own parameters of the divider of power it
vas necessary to remove effect or the insulation of the arms of the
divider of reflacticns frcm the adapters and the external matchad
loads. This was achieved/reached by the introduction of the matched

load directly to metal-dielectric wavequide.

i
1
i
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Key: (1) dB. (2) VSWR. (3) GHz.

Page 79.

Load was fulfilled in the form of the keys frcm the attenuating
material of the type M-1, forced against the lateral sides of the
dielectric of metal-dielectric waveguida. Cne of such loads, vhich
ensured VSWR in the range 7-1C¢.5 GHz, not exceeding 1.05, it is shown
in Pig. 6. An iaprcvement in the insulation of arms 2 and 3 (upon

transfer in arm 1 to the internal matched locad is characterized Ly
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curved 5 in Pig. S, which confirmed ar essential isprovement in this

case in the mutual insulaticn of lateral arms.

As shoved investigations, further increase in the insulation of
aras blocks the connection/ccrsunication of these arms on the
diffracted fielid in the regicn c¢f tramsiticn frcam the metallic
vaveguide to the metal-dielectric (i.e. direct leak in this place for
energy of one lateral arm into another). Por eliminating this
connection/coamunication between arms 2 and 3 into the dividar of
power was introduced isoclatircg partition froa the absorbing material
of the type M-1 in the form of key (foundation - 8 am,
height/altitude - S6 mm, thickness - 4 ma), shown in Fig. 4. The
axceptions/alimination of direct connection of arms sharply improved
“he characteristics of the divider: maximum insulation in the range
of will exceeded 46 dB, and minimum increased to 35 dB. In this case
total KSWA from arm 1 to the fplace cf the tranching cff of arms 2 and
3 vas b2low 1,08, During the irtrocduction of separating key

straight/direct losses to divider virtually did not change,

The obtained results showed, besides the fact that the guarantes of
high insulation in the directed divider of power is desirable to make
the region of transiticn from the metallic waveguide to the

metal-dielectric in the form of the section of rectangular wvaveguide,

wvhich 2xpands in a H- plane (i.e. sesmingly to introduce the small M4~
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sectorial matching horn). This substantially decreases diract

coupling by the regions of exciting the arms 2 and 3 on the
diffractad field, and consequently, it leads to the high decoupling

of these lateral arms between thkemselves.

)
{
!
}
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